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DETAILED ACTION 

Claim Objections 

Claims 27-29, 31-32, 39-41 , 48-49 and 56-57 are objected to under 37 
CFR 1 .75(c), as being of improper dependent form for failing to further limit the subject 
matter of a previous claim. Applicant is required to cancel the claim(s), or amend the 
claim(s) to place the claim(s) in proper dependent form, or rewrite the claim(s) in 
independent form. The memory array, the substrate, the integrated circuit do not further 
limit the structure claimed in the respective independent claims. 

Claim Rejections - 35 USC §112 

The following is a quotation of the second paragraph of 35 U.S.C. 1 12: 

The specification shall conclude with one or more claims particularly pointing out and distinctly 
claiming the subject matter which the applicant regards as his invention. 

Claim 4-5 and 27 are rejected under 35 U.S.C. 112, second paragraph, as being 
indefinite for failing to particularly point out and distinctly claim the subject matter which 
applicant regards as the invention. 

The claimed limitation of "wherein the silicon-rich insulator of each memory cell 
is electrically isolated from the silicon-rich insulators of all other memory cells", as 
recited in claim 4, is unclear as to how one element (the silicon-rich insulator) in one 
memory array can be electrically isolated from plurality of elements (the silicon-rich 
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insulators) of all other memory cells, since all the memory cells in one memory array are 
electrically connected to each other. 

The claimed limitation of "a tunnel junction layer", as recited in dependent claim 
5, is unclear as to the structural relationship between the tunnel junction layer and the 
memory array. 

The claimed limitation of "a tunnel junction layer thickness of about 3-5 
nanometers", as recited in dependent claim 5, is unclear as to which claimed element 
has the thickness of about 3-5 nanometers. 

The claimed limitation of "the memory cells", as recited in claim 27, is unclear as 
to which memory cells applicant refers since independent claim 26 recites only one 
memory cell. 



Claim Rejections - 35 USC § 103 

The following is a quotation of 35 U.S.C. 1 03(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 102 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 

Claims 1, 3-6, 8-11,16, 26-33, 38-41, 47-49 and 55-59, as best understood, are rejected 
under 35 U.S.C. 103(a) as being unpatentable over DiMaria et al. ("Dense Alpha 



Particle-Immune Memory Device", IBM Tech Disclosure Bulletin, Vol. 23, No. 1, June 
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1 980, pp 381-382) in view of Lee et al. (6,881 ,994) and Rinerson et al. (6,834,008), or 
in the alternative, over Lee et al. (6,881 ,994) in view of DiMaria et al. ("Dense Alpha 
Particle-Immune Memory Device", IBM Tech Disclosure Bulletin, Vol. 23, No. 1, June 
1980, pp 381-382). 

DiMaria et al. teach in figure 1 and related text a memory device comprising: 

a memory cell disposed at each cross point of a first conductor and a second 
conductor, each memory cell having exactly two terminals and having a storage 
element FG and a control element coupled in series between a first conductor AM and a 
second conductor AI2, each control element including a tunnel junction SiC>2 and a 
silicon-rich oxide insulator INJECTOR, wherein the silicon rich insulator injects current 
into the tunnel junction when the memory cell is selected. 

DiMaria et al. do not teach using the memory device as a memory array device, wherein 
the memory array comprising a multiplicity of row conductors and a multiplicity of 
column conductors, the row conductors and column conductors being arranged to cross 
at cross-points. 

Lee et al. teach in figure 34 and related text using a memory device as a memory array 
device, wherein the memory array comprising a multiplicity of row conductors and a 
multiplicity of column conductors, the row conductors and column conductors being 
arranged to cross at cross-points (see e.g. figure 52), wherein a memory cell disposed 
at each cross point, each memory cell having exactly two terminals and having a 
storage element and a control element coupled in series between a row conductor and 
a column conductor. 
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Rinerson et al. teach in figures 1-3 and related text using a memory device as a 
memory array device, wherein the memory array comprising a multiplicity of row 
conductors and a multiplicity of column conductors, the row conductors and column 
conductors being arranged to cross at cross-points, wherein a memory cell disposed at 
each cross point, each memory cell having exactly two terminals. 
It would have been obvious to a person of ordinary skill in the art at the time the 
invention was made to form the memory cell of DiMaria et al. as a memory array device, 
wherein the memory array comprising a multiplicity of row conductors and a multiplicity 
of column conductors, and wherein the row conductors and column conductors being 
arranged to cross at cross-points, in order to use the device in a practical memory 
device application which is well known in the art to be formed as a memory array 
device. 

The combination is motivated by the teachings of Rinerson et al. who point out the 
advantages of using cross point architecture. 

Note that a memory array structure inherently comprises a multiplicity of row conductors 
and a multiplicity of column conductors, wherein the row conductors and column 
conductors being arranged to cross at cross-points. 



In the alternative: 

Lee et al. teach in figure 34 and related text a memory array comprising: 
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a) a multiplicity of row conductors and a multiplicity of column conductors, the row 
conductors and column conductors being arranged to cross at cross-points (see e.g. 
figure 52), and 

b) a memory cell disposed at each cross-point, each memory cell having exactly two 
terminals and having a storage element and a control element coupled in series 
between a row conductor and a column conductor, each control element including a 
tunnel junction and a silicon oxide insulator. 

Lee et al. do not teach a control element including a tunnel junction and a silicon-rich 
oxide insulator, wherein the silicon rich insulator injects current into the tunnel junction 
when the memory cell is selected. 

DiMaria et al. teach in figure 1 and related text a memory device comprising a memory 
cell disposed at each cross point of a first conductor and a second conductor, each 
memory cell having exactly two terminals and having a storage element FG and a 
control element coupled in series between a first conductor AM and a second conductor 
AI2, each control element including a tunnel junction SiC>2 and a silicon-rich oxide 
insulator INJECTOR, wherein the silicon rich insulator injects current into the tunnel 
junction when the memory cell is selected. 

It would have been obvious to a person of ordinary skill in the art at the time the 
invention was made to use a control element including a tunnel junction and a silicon- 
rich oxide insulator, wherein the silicon rich insulator injects current into the tunnel 
junction when the memory cell is selected in Lee et al.'s device in order to improve the 
device characteristics by enhancing the electric field of the structure. 
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The combination is motivated by the teachings of DiMaria et al. who point out the 
advantages of using a control element including a tunnel junction and a silicon-rich 
oxide insulator. 

Note further that it is well known in the art to use silicon rich dielectric injectors in the 
control element of a memory device. 

Regarding the claimed limitations of "each storage element comprising a low- 
resistance filament disposed therein, wherein the low-resistance filament of the 
storage element electrically interconnects the silicon-rich insulator with one of the row 
conductor and the column conductor", these features are inherent in prior art's device 
for the following reasons. The present invention teaches a storage element comprising 
a low-resistance filament disposed therein. Although the drawings depict a filament, the 
disclosure does not teach as to what is "a low-resistance filament", except stating that 
data is written by using said low-resistance filament. 

Both DiMaria et al. and Lee et al. teach a memory device comprising a "write" operation, 
which enables data to be written. Since a filament is defined as "a single thread or a 
thin flexible threadlike object", then as least part of the "write" operation of prior 
art's device can be defined as being made by "a single thread or a thin flexible 
threadlike object", which is part of the material of the storage material. That is, 
the "write" operation is done by a "filament". Therefore, prior art's device 
comprises "each storage element comprising a low-resistance filament [i.e. a single 
thread or a thin flexible threadlike object which provides the write operation] 
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disposed therein, wherein the low-resistance filament of the storage element electrically 
interconnects the silicon-rich insulator with one of the row conductor and the column 
conductor", as claimed. 

The examiner agrees that prior art's device does not teach a separate and distinct 
material formed in the storage element, used for data writing operation. 

Regarding claims 5-6 and 8-10, it would have been obvious to a person of ordinary skill 
in the art at the time the invention was made to use a control element of each memory 
cell comprises a tunnel junction layer thickness of about 3-5 nanometers, and the 
storage element of each memory cell comprises an anti-fuse, a fuse, a tunnel junction, a 
state-change layer and a chalcogenide, in prior art's device in order to use known 
memory control and storage elements, of which official notice is taken. 

Regarding claims 4 and 1 1 , the silicon-rich insulator of each memory cell of prior art's 
device is electrically isolated from the silicon-rich insulators of all other memory cells, 
and includes a row conductors are arranged in mutually orthogonal relationship with the 
column conductors. 

Regarding claim 16, prior art's device includes a memory cell disposed at each cross- 
point, each memory cell comprising means for storing data and means for controlling 
the means for storing data, the means for storing data and means for controlling being 
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coupled in series between a row conductor and a column conductor, and each means 
for controlling including a silicon-rich insulator. 

Regarding claim 26, prior art's device includes a tunnel-junction layer SiN over the 
silicon rich insulator and a second conductive layer over the tunnel-junction layer. 
Prior art does not state that the memory cell is formed by a method of 

b) depositing and patterning a first conductive layer over the substrate, and 

c) forming and patterning a second conductive layer, 

However, these process limitations would not carry patentable weight in this claim 
drawn to a structure, because distinct structure is not necessarily produced. 
Note that a "product by process" claim is directed to the product per se, no matter how 
actually made, In re Hirao, 190 USPQ 15 at 17 (footnote 3). See also In re Brown, 173 
USPQ 685; In re Luck, 177 USPQ 523; In re Fessmann, 180 USPQ 324; In re Avery, 
1 86 USPQ 1 61 ; In re Wertheim, 1 91 USPQ 90 (209 USPQ 554 does not deal with this 
issue); and In re Marosi et al., 218 USPQ 289, all of which make it clear that it is the 
patentability of the final product per se which must be determined in a "product by 
process" claim, and not the patentability of the process, and that an old or obvious 
product produced by a new method is not patentable as a product, whether claimed in 
"product by process" claims or not. Note that the applicant has the burden of proof in 
such cases, as the above case law makes clear. 
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Regarding claim 38, prior art's device includes a first interlayer dielectric over the 
storage layer and having an opening through the first interlayer dielectric and extending 
to the storage layer, and having a conductive material therein as a middle electrode, this 
conductive layer is contiguous with the storage layer. 
Prior art does not state that the memory cell is formed by a method of 

b) depositing and patterning a first conductive layer over the substrate, and 

c) forming and patterning a second conductive layer, 

d) forming and patterning first and second interlayer dielectrics over the storage layer, 

e) forming an opening through the first interlayer dielectric and extending to the storage 
layer, 

g) filling the opening through the first interlayer dielectric with conductive material to 
form a middle electrode. 

However, these process limitations would not carry patentable weight in this claim 
drawn to a structure, because distinct structure is not necessarily produced. 

Regarding claims 30, 47 and 55, prior art's device includes a second interlayer dielectric 
is formed over the storage layer, forming vias as required though the second interlayer 
dielectric to selectively interconnect memory cells of the memory arrays. 
Prior art does not state that the memory cell is formed by a method of 

b) depositing and patterning a first conductive layer over the substrate, and 

c) forming and patterning a second conductive layer, 

d) forming and patterning first and second interlayer dielectrics over the storage layer, 
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e) forming an opening through the first interlayer dielectric and extending to the storage 
layer, 

g) filling the opening through the first interlayer dielectric with conductive material to 
form a middle electrode. 

k) forming vias as required though the second interlayer dielectric, and repeating steps 
b) through k) until a desired number of memory array layers have been formed. 
However, these process limitations would not carry patentable weight in this claim 
drawn to a structure, because distinct structure is not necessarily produced. 

Regarding claims 27-29, 31-33, 39-41, 48-49 and 56-57, prior art's device includes a 
memory array comprising a multiplicity of the memory cells, a substrate carrying 
electronics and an IC comprising a multilayer memory, wherein a multiplicity of the 
memory arrays are arranged in memory layers. 

Regarding claims 58-59, prior art's device includes two terminals of the two terminal 
memory cell disposed at each cross-point comprise the row conductor and column 
conductor respectively. 
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Claims 1,3-6, 8-11,16, 26-33, 38-41, 47-49 and 55-59, as best understood, are 
rejected under 35 U.S.C. 103(a) as being unpatentable over Lee et al. (6,881,994) in 
view of Bhattacharyya (7,012,297), Wolf et al. (4,71 7,943) and Bass Jr. et al. 
(4,870,470), or in the alternative, over Bass Jr. et al. in view of Lee et al. (6,881 ,994) 
and Rinerson et al. (6,834,008). 

Lee et al. teach in figure 34 and related text a memory array comprising: 

a) a multiplicity of row conductors and a multiplicity of column conductors, the row 
conductors and column conductors being arranged to cross at cross-points (see e.g. 
figure 52), and 

b) a memory cell disposed at each cross-point, each memory cell having exactly two 
terminals and having a storage element and a control element coupled in series 
between a row conductor and a column conductor, each control element including a 
tunnel junction and a silicon oxide insulator. 

Lee et al. do not teach a control element including a tunnel junction and a silicon-rich 
oxide insulator, wherein the silicon rich insulator injects current into the tunnel junction 
when the memory cell is selected. 

Bhattacharyya teach in figure 11 and related text a control element including a tunnel 
junction and a silicon-rich oxide insulator 1154, wherein the silicon rich insulator injects 
current into the tunnel junction when the memory cell is selected. 
Wolf et al. teach in figure 2 and related text a control element including a tunnel junction 
16 and a silicon-rich oxide insulator 20, wherein the silicon rich insulator injects current 
into the tunnel junction when the memory cell is selected. 
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Bass Jr. et al. teach in figure 6 and related text a control element including a tunnel 

junction and a silicon-rich oxide insulator 35, wherein the silicon rich insulator injects 

current into the tunnel junction when the memory cell is selected. 

It would have been obvious to a person of ordinary skill in the art at the time the 

invention was made to use a control element including a silicon-rich oxide insulator, 

wherein the silicon rich insulator injects current into the tunnel junction when the 

memory cell is selected in Lee et al.'s device in order to improve the device 

characteristics by enhancing the electric field of the structure. 

The combination is motivated by the teachings of Bhattacharyya who points out the 

advantages of using a silicon-rich oxide insulator. 

Note further that it is well known in the art to use silicon rich dielectric injectors in the 
control element of a memory device. 

In the alternative: 

Bass Jr. et al. teach in figure 6 and related text a memory array (see e.g. abstract) 
comprising: 

a) a multiplicity of row conductors and a multiplicity of column conductors, the row 
conductors and column conductors being arranged to cross at cross-points (inherent in 
an array structure), and 

b) a memory cell disposed therein, each memory cell having two terminals and having a 
storage element and a control element coupled in series between a row conductor and 
a column conductor, each control element including a tunnel junction and a silicon-rich 
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oxide insulator 30 or 35, wherein the silicon rich insulator injects current into the tunnel 
junction when the memory cell is selected. 

Bass Jr. et al. do not teach using the memory structure as a memory cell disposed at 
each cross-point, wherein each memory cell having exactly two terminals. 
Lee et al. teach in figure 34 and related text a memory cell disposed at each cross- 
point, wherein each memory cell having exactly two terminals. 
Rinerson et al. teach in figures 1-3 and related text a memory cell 115, 215, 315 
disposed at each cross-point, wherein each memory cell having exactly two terminals. 
It would have been obvious to a person of ordinary skill in the art at the time the 
invention was made to form the memory cell at each cross-point, wherein each memory 
cell having exactly two terminals in Lee et al.'s device in order to improve the device 
characteristics by using cross point architecture. 

The combination is motivated by the teachings of Rinerson et al. who point out the 
advantages of using cross point architecture. 

Regarding claims 5-6 and 8-10, it would have been obvious to a person of ordinary skill 
in the art at the time the invention was made to use a control element of each memory 
cell comprises a tunnel junction layer thickness of about 3-5 nanometers, and the 
storage element of each memory cell comprises an anti-fuse, a fuse, a tunnel junction, a 
state-change layer and a chalcogenide, in prior art's device in order to use known 
memory control and storage elements, of which official notice is taken. 



Application/Control Number: 10/772,945 Page 15 

Art Unit: 2811 

Regarding claims 4 and 1 1 , the silicon-rich insulator of each memory cell of prior art's 
device is electrically isolated from the silicon-rich insulators of all other memory cells, 
and includes a row conductors are arranged in mutually orthogonal relationship with the 
column conductors. 

Regarding claim 16, prior art's device includes a memory cell disposed at each cross- 
point, each memory cell comprising means for storing data and means for controlling 
the means for storing data, the means for storing data and means for controlling being 
coupled in series between a row conductor and a column conductor, and each means 
for controlling including a silicon-rich insulator. 

Regarding claim 26, prior art's device includes a tunnel-junction layer SiN over the 
silicon rich insulator and a second conductive layer over the tunnel-junction layer. 
Prior art does not state that the memory cell is formed by a method of 

b) depositing and patterning a first conductive layer over the substrate, and 

c) forming and patterning a second conductive layer, 

However, these process limitations would not carry patentable weight in this claim 
drawn to a structure, because distinct structure is not necessarily produced. 
Note that a "product by process" claim is directed to the product per se, no matter how 
actually made, In re Hirao, 190 USPQ 15 at 17 (footnote 3). See also In re Brown, 173 
USPQ 685; In re Luck, 177 USPQ 523; In re Fessmann, 180 USPQ 324; In re Avery, 
1 86 USPQ 1 61 ; In re Wertheim, 1 91 USPQ 90 (209 USPQ 554 does not deal with this 
issue); and In re Marosi et al., 21 8 USPQ 289, all of which make it clear that it is the 
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patentability of the final product per se which must be determined in a "product by 
process" claim, and not the patentability of the process, and that an old or obvious 
product produced by a new method is not patentable as a product, whether claimed in 
"product by process" claims or not. Note that the applicant has the burden of proof in 
such cases, as the above case law makes clear. 

Regarding claim 38, prior art's device includes a first interlayer dielectric over the 
storage layer and having an opening through the first interlayer dielectric and extending 
to the storage layer, and having a conductive material therein as a middle electrode, this 
conductive layer is contiguous with the storage layer. 
Prior art does not state that the memory cell is formed by a method of 

b) depositing and patterning a first conductive layer over the substrate, and 

c) forming and patterning a second conductive layer, 

d) forming and patterning first and second interlayer dielectrics over the storage layer, 

e) forming an opening through the first interlayer dielectric and extending to the storage 
layer, 

g) filling the opening through the first interlayer dielectric with conductive material to 
form a middle electrode. 

However, these process limitations would not carry patentable weight in this claim 
drawn to a structure, because distinct structure is not necessarily produced. 
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Regarding claims 30, 47 and 55, prior art's device includes a second interlayer dielectric 
is formed over the storage layer, forming vias as required though the second interlayer 
dielectric to selectively interconnect memory cells of the memory arrays. 
Prior art does not state that the memory cell is formed by a method of 

b) depositing and patterning a first conductive layer over the substrate, and 

c) forming and patterning a second conductive layer, 

d) forming and patterning first and second interlayer dielectrics over the storage layer, 

e) forming an opening through the first interlayer dielectric and extending to the storage 
layer, 

g) filling the opening through the first interlayer dielectric with conductive material to 
form a middle electrode. 

k) forming vias as required though the second interlayer dielectric, and repeating steps 
b) through k) until a desired number of memory array layers have been formed. 
However, these process limitations would not carry patentable weight in this claim 
drawn to a structure, because distinct structure is not necessarily produced. 
Regarding claims 27-29, 31-33, 39-41, 48-49 and 56-57, prior art's device includes a 
memory array comprising a multiplicity of the memory cells, a substrate carrying 
electronics and an IC comprising a multilayer memory, wherein a multiplicity of the 
memory arrays are arranged in memory layers. 
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Regarding claims 58-59, prior art's device includes two terminals of the two terminal 
memory cell disposed at each cross-point comprise the row conductor and column 
conductor respectively. 



Response to Arguments 

1 . Applicant argues that the claimed limitation of "a tunnel junction layer", as 
recited in dependent claim 5, is clear, because "Claim 5 depends from claim 1. Claim 1 
expressly recites a memory cell disposed at each cross-point between column and row 
conductors. According to claim 1 , each memory cell comprises a storage element and a 
control element, "each control element including a tunnel junction." Claim 5 then recites 
that the layer of the tunnel junction has a thickness of about 3-5 nanometers. 
Consequently, the relationship between the tunnel junction and the memory array 
appears to be perfectly clear". 

1 . The examiner agrees that claim 5 depends from claim 1 , and claim 1 
expressly recites a memory cell disposed at each cross-point between column and row 
conductors, wherein each memory cell comprises a storage element and a control 
element, and "each control element including a tunnel junction." Claim 5, however, does 
not recite the element called "tunnel junction", but rather a new element called "a tunnel 
junction layer". Said new element is not recited in claim 1 , and thus the strucxtural 
relationship between the new element and the memory array is unclear. 
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2. Applicant argues that the claimed limitation of "a tunnel junction layer 
thickness of about 3-5 nanometers", as recited in dependent claim 5, is unclear, 
because "claim 5 depends from claim 1 , which expressly recites "each control element 
including a tunnel junction." (Claim 1 ). Because no other "tunnel junction" is recited in 
either of claims 1 and 5, the "tunnel junction layer thickness" recited in claim 5 can only 
refer to the thickness of the "tunnel junction" that is included in the "control element" 
recited in claim 1". 

2. Claim 5 recites the phrase "a tunnel junction layer thickness of about 3-5 
nanometers". The examiner understood said phrase as meaning an element called "a 
tunnel junction layer" and "thickness of about 3-5 nanometers". Therefore, it is unclear 
as to which claimed element has the thickness of about 3-5 nanometers, since the claim 
does not recite that the element "a tunnel junction layer" has a thickness of about 3-5 
nanometers. 

Furthermore, if applicant means that the phrase "a tunnel junction layer thickness 
of about 3-5 nanometers" should be read as: a thickness of about 3-5 nanometers, 
wherein the thickness is called "a tunnel junction layer thickness", then it is unclear as to 
which element of the control element said thickness refers. 

3. Applicant argues that prior art does not teach the claimed limitations of 
"each storage element comprising a low-resistance filament disposed therein, wherein 
the low-resistance filament of the storage element electrically interconnects the silicon- 
rich insulator with one of the row conductor and the column conductor". 
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3. Regarding the claimed limitations of "each storage element comprising a 
low-resistance filament disposed therein, wherein the low-resistance filament of the 
storage element electrically interconnects the silicon-rich insulator with one of the row 
conductor and the column conductor", these features are inherent in prior art's device 
for the following reasons. The present invention teaches a storage element comprising 
a low-resistance filament disposed therein. Although the drawings depict a filament, the 
disclosure does not teach as to what is "a low-resistance filament", except stating that 
data is written by using said low-resistance filament. 

Both DiMaria et al. and Lee et al. teach a memory device comprising a "write" operation, 
which enables data to be written. Since a filament is defined as "a single thread or a 
thin flexible threadlike object", then as least part of the "write" operation of prior 
art's device can be defined as being made by "a single thread or a thin flexible 
threadlike object", which is part of the material of the storage material. That is, 
the "write" operation is done by a "filament". Therefore, prior art's device 
comprises "each storage element comprising a low-resistance filament [i.e. a single 
thread or a thin flexible threadlike object which provides the write operation] 
disposed therein, wherein the low-resistance filament of the storage element electrically 
interconnects the silicon-rich insulator with one of the row conductor and the column 
conductor", as claimed. 

The examiner agrees that prior art's device does not teach a separate and distinct 
material formed in the storage element, used for data writing operation. 
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Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Oh Nadav whose telephone number is 571-272-1660. 
The examiner can normally be reached between the hours of 7 AM to 4 PM (Eastern 
Standard Time) Monday through Friday. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Lynne Gurley can be reached on 571-272-1670. The fax phone number for 
the organization where this application or proceeding is assigned is 571-273-8300. 
Information regarding the status of an application may be obtained from the Patent 
Application Information Retrieval (PAIR) system. Status information for published 
applications may be obtained from either Private PAIR or Public PAIR. Status 
information for unpublished applications is available through Private PAIR only. For 
more information about the PAIR system, see http://pair-direct.uspto.gov. Should 
you have questions on access to the Private PAIR system, contact the Electronic 
Business Center (EBC) at 866-217-9197 (toll-free). 



O.N. 

1/6/2010 
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